I. Diffraction studies. -In the study of the chemical and magnetic structures of spinel ferrites, the number of parameters to be determined is usually large, especially in mixed systems. In the absence of single crystals, the only way in which the data can be increased is to use polarised neutron diffraction intensities I+ and I-along with the unpolarised neutron data, I, [I] . A programme, PUPILS, has been developed on a CDC-3600 computer to refine simultaneously the various crystal and magnetic structure parameters 121. The increased data enables a larger number of parameters to be simultaneously refined and works even when there is sizeable depolarisation due to the sample thickness. I t has been shown to work even for non-collinear structures ; it has, however, t o be used with care for samples with high anisotropy.
NiFe204 has been shown unambiguou.sly to be completely inverted (within 1 %). Ni2" has an extrapolated moment of 2.3 pB due to orbital contribution.
A sample of CoFe204 was found to be 88 % inverted.
Cobalt is divalent on both the sites and the room temperature moment values of 2.97 pB (~0:') and 2.41 pB (CO;+) indicate small orbital contributions. The cation distribution in MgFe204 indicated that this ferrite is 86 % inverted and this remained unchanged in the temperature range of 90 OK-700 OK. The temperature dependence of several magnetic intensities were studied to yield the individual sublattice magnetization curves. These were fitted to molecular field expressions involving the significant exchange integrals JAB, JA4 and JBB between Fe3" ions.
The values obtained were, JAB = -22 OK and JAA = -4 OK using JBB = I OK. Actually, the solution of the molecular field expressions yielded unrealistically high values for JBB as predicted by Smart [3] and so JBB was fixed at 1 O K as determined by neutron scattering (see Section 11) . In the system Mg,Mn,-,Fe204 it has been shown that the amount of Mn going to the A sites is highly irregular, being 38.7 %, 77.4 % and 40 % respectively for x = 0.25, 0.50 and 0.75. This is in direct conflict with the observations of Nathans et al. 171, but corroborates the findings of Yamzin and coworkers [8] who obtained an anomalous distribution of Mn and Fe ions over the two sites in Mn,Fe,-,O, system. Earlier unpolarised neutron diffraction work [9] on the system Zn, Ni, Fe204 showed that Zn,,Ni.,Fe2O4 has a non-collinear Yafet-Kittel (YK) type of magnetic structure at room temperature. Polarised neutron intensity measurements using a field of 6 kOe led to a Yafet-Kittel angle, a, , of 13O, identical to the value obtained with unpolarised neutrons at room temperature. This excellent agreement proves that the polarised neutrons do lead to correct results even in the case of canted moments if there is complete saturation of the moments in the field direction.
The analysis of the data on Co2Ti0, at 300 OK showed it to be completed inverted and paramagnetic. But the neutron diffraction pattern at 4.2 OK showed a broad peak near the (1 11) position which is purely magnetic in origin. This suggests the existence of a complicated spin structure, possibly due to competing distant neighbour interactions among the Co2+ ions. ween pairs of magnetic ions on the A and B sites in spinels is bound to be extremely useful in their phenomenology. Temperature dependence of sublattice magnetization as well as paramagnetic susceptibility data are often insensitive to some of the exchange interactions and their analysis takes recourse to molecular field theory. Direct energy measurement using neutron scattering is the most appropriate method to determine these quantities. Ideally, spin wave dispersion relations will yield the best values of exchange integrals. But, paramagnetic neutron scattering [lo] can also provide reliable values when only one dominant exchange integral is operative.
We have chosen the spinels ZnFe20,, ZnCr204 and MnA1204 with a view to determining the exchange interactions between Fe3 +-Fe3 +, Cr3+-Cr3+ and Mn2+-Mn2+ ions. The technique of cold neutron inelastic scattering in the paramagnetic region was used and the exchange integrals were extracted by the de Gennes method of moments. The data on these spinels were collected at 85 OK. Figure 1 shows the typical time-of-flight distribution of 4.1 A neutrons scattered by ZnFe204. ZnFe204 and ZnCr204 were found to be completely normal from room temperature diffraction patterns and hence the only exchange integrals operating are those between the B site ions. The experiments yield the dominant interactions in the two cases as JBB (~e~+ -~e " ) = 1.04 O K and JBB (Cr3 -Cr3 +) = 2.38 O K .
In the case of MnA1204, the sample was found to have a small inversion of 9 % and hence there is, in addition to JAA, a significant JAB interaction between the Mn2+ ions. Using therefore, a molecular field expression for TN (= 18 OK) along with the second moment of the scattered neutron energy distribution, it was found that JAA (Mn2
It is well known that both ZnFe204 and ZnCr20, [I13 have complicated types of ordering at low temperatures and these have been argued as due to the influence of distant neighbour B-B interactions. However, it is also known [I I, 121 that these interactions are at least an order of magnitude smaller than the dominant, nearest neighbour B-B superexchange. In the paramagnetic scattering experiment, the energy exchange with the neutron can be reasonably assumed to arise mainly from this dominant interaction (especially as the second moment involves the squares of the J's).
In the case of MnA1204, Friedman and Goland [13] also using a neutron scattering method derived JAA (Mn2+-Mn2+) as 2.2 OK, ignoring the small inversion. Although the present results have used a molecular field expression for TN the widely differing values of JAA underline the importance of taking into account inversion in view of the dominant nature of JAB. 
